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FDQWLOHYHUEHDP7KHSDUWGHYHORSPHQWRIWKHWKHRU\LVGHVFULEHGEHORZ
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EHFDXVHWKHWUXQFDWLRQHUURURI+H[DLVKDQGWKDWRIDOOWKHRWKHUVDUHK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ILQLWHHOHPHQWEDVHGUHVXOWVQRWRQO\E\LQFUHDVLQJWKHPHVKGHQVLW\EXWDOVRE\YDU\LQJERWKWKHHOHPHQWW\SHDQG
WKHVROXWLRQSODWIRUP
6LJQLILFDQFHDQGOLPLWDWLRQVRIWKLVQHZDSSURDFKWRXQFHUWDLQW\TXDQWLILFDWLRQRIWKHILQLWHHOHPHQWPHWKRGDQG
VRPHFRQFOXGLQJUHPDUNVDUHSUHVHQWHG$OLVWRIUHIHUHQFHVDSSHDUDWWKHHQGRIWKLVSDSHU
7KH+H[D(OHPHQWDQGWKH7UXQFDWLRQ(UURU7KHRU\RIWKH)LQLWH(OHPHQW0HWKRG
0RVW RI WKH GLVFXVVLRQV RQ DFFXUDF\ RI WKH ILQLWH HOHPHQWPHWKRG VWDUWZLWK WKH FRPSOHWHQHVV RI WKH HOHPHQW
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VKRZQLQ)LJ
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
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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@ WKH VRFDOOHG µVHUHQGLSLW\¶ HOHPHQWV DUH DPRQJ WKHPRVWSRSXODURI
HOHPHQWV  ,Q WKH WZRGLPHQVLRQDO FDVH WKHVHHOHPHQWV DUHREWDLQHGE\GURSSLQJ WKH [\  WHUPVR WKDW WKHHLJKW
XQGHWHUPLQHGFRHIILFLHQWV^D`UHVXOWLQDWUXQFDWLRQHUURURIKFRPSDUHGWRWKDWRIKIRUWKHIXOOQLQHWHUPV
7KH3DVFDO7ULDQJOHFDQEHJHQHUDOL]HGWRWKHWKLUGGLPHQVLRQE\FRQVLGHULQJDWKLUGD[LVIRU]7KHQWKHWHUPVWR
EHLQFOXGHGRUH[FOXGHGDUHREWDLQHGE\PXOWLSO\LQJWKHWHUPVLQWKHWKLUGD[LVE\WKHUHVSHFWLYHWULDQJOHRUGLDPRQG
IRU WKH ILUVW WZR D[LV DV VKRZQE\ WKH )LJ $OO WHUPV DUH REWDLQHG E\ F\FOLF SHUPXWDWLRQ$V DQ H[DPSOHZH
FRQVLGHUWKHFDVHIRUWKHTXDGUDWLFVHUHQGLSLW\HOHPHQWLQWKUHHGLUHFWLRQV+HUHWKHH[FOXGHGVHYHQWHUPVDUH
[\\]][[\][\][\][\]
7KLVLVIRUWKHQRGHKH[DHOHPHQWZLWKDWUXQFDWLRQHUURURIK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7KLVPD\EHFRPSDUHGWRWKHIXOOH[SDQVLRQTXDGUDWLFHOHPHQWUHVXOWLQJLQDQRGHKH[DZLWKDWUXQFDWLRQHUURU
RIK7KRXJK WKHYDOXHRI WKH WUXQFDWLRQHUURUVDUHSUREOHPGHSHQGHQWZHFDQFRQFOXGHTXDOLWDWLYHO\ WKDW WKH
VHUHQGLSLW\ HOHPHQWV DUH D SRRU WUDGH RII EHFDXVH WKH\ UHVXOW LQ D ORZHU RUGHURI WUXQFDWLRQ HUURU IRU WKH VDNHRI
DSSUR[LPDWHO\GURSSLQJRIDTXDUWHURIWKHWHUPVLQWKHFDVHRIWKHQRGHKH[D
,QWKHGLVSODFHPHQWPHWKRGRIWKHILQLWHHOHPHQWDQDO\VLV)($ZHFDOFXODWHWKHHOHPHQWVWLIIQHVVDQGDVVHPEOH
WKHVHLQWRDPDVWHUVWLIIQHVV%\WKHSULQFLSOHRIYLUWXDOZRUNIRUDQHODVWLFERG\DQGXVLQJWKHXVXDOILQLWHHOHPHQW
QRWDWLRQZHKDYH

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+RZHYHULQWKHFDVHRIVWUDLQVLQJXODULWLHVWKHGLIIHUHQWLDOORFDOWHUPGRPLQDWHV7KLVZDVQRWHGE\=LHQNLHZLF]DQG
7D\ORU>@LQWKHLUVWXG\RIVXSHUFRQYHUJHQFH7KHHUURUWHUPVLQGLFDWHWKDWWKH\DUHHOHPHQWGHSHQGHQWDQGZLWK
WKHRUGHUVDVGLVFXVVHGSUHYLRXVO\
7KHHDUO\ZRUNRQPRGHOLQJVKHOOVZLWKVROLGHOHPHQWVZDVHQFRXUDJLQJ>@+RZHYHUZKHQLWFDPHWRPRGHOLQJ
WKLQVKHOOVVRPHGRXEWZDVFDVWRQWKHDELOLW\RIWKHVROLGHOHPHQWVWRGRVR7KHUHZHUHWKUHH
UHDVRQVJLYHQIRU WKLV7KH ILUVWRQHZDV WKHDSSDUHQWO\ VXSHULRUSHUIRUPDQFHRI WKHVKHOO HOHPHQW IRUPXODWLRQ
DGYDQFHGLQ>@7KHVHFRQGEDVHGRQWKHFXELFVROLGHOHPHQWVXVHGZDVWKDWWKLVZRXOGOHDGWRODUJHFRPSXWLQJ
WLPHV 7KH WKLUG ZDV WKHZRUU\ WKDW WKH WKLQ VKHOOV ZRXOG OHDG WR QXPHULFDO SUREOHPVZLWK WKH XVH RI WKH VROLG
HOHPHQWVDOEHLWXQVXEVWDQWLDWHG7KHZULWHUVKDYHEHHQXVLQJWKHKH[DHOHPHQWIRUVKHOOSUREOHPVDQGKDYHQRW
FRPHDFURVVDQ\SUREOHPV
&DVH6WXG\7KH6WUHVV$QDO\VLVRID%DUUHO9DXOWXVLQJ6KHOO(OHPHQWV
,Q RXU ILUVW WHVW FDVH ZH FRQVLGHU WKH SUREOHP RI WKH EDUUHOYDXOW DPXFK VWXGLHG VKHOO SUREOHP >  @
%HFDXVHRIV\PPHWU\ZHRQO\QHHGWRFRQVLGHUDTXDUWHURIWKHVKHOO7KHVKHOOKDVQRHGJHEHDPDQGLVVXSSRUWHG
E\DGLDSKUDJPDWLWVHQGV7KHVKHOOSURSHUWLHVDUH<RXQJ
V0RGXOXV [SVLDQG3RLVVRQ5DWLR 7KH
VKHOOPDVVGHQVLW\LVOEVIW7KHVKHOOKDVDUDGLXVWRWKLFNQHVVUDWLRRIDQGFDQEHFRQVLGHUHGDWKLQVKHOO
7KHVKHOOLVVKRZQLQ)LJ


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
)LJ9HUWLFDOGLVSODFHPHQWRIPLGSODQHDIWHU>@
7KHYHUWLFDO GLVSODFHPHQWRQ WKHPLGSODQH IURP >@ LV VKRZQDERYH LQ)LJ 7KH UHVXOWV DJUHHEHWZHHQ WKH
+H[DDQGWKHFXELFVHUHQGLSLW\HOHPHQWVUHVSHFWLYHO\7KHVKHOOHOHPHQWUHVXOWVDUHVWLIIHU
7KHUHVXOWVIRUKH[D;VLWVH[DFWO\RYHUWKHUHVXOWVVKRZQKHUHIRUWKH;LQ>@7KHLPSRUWDQWGLPHQVLRQ
IRUERWKHOHPHQWVEHLQJ LQ WKHPLGSODQH7KH IROORZLQJ WDEOH VKRZV WKHYDULDWLRQRI WKHPD[LPXPGLVSODFHPHQW
ZLWKUHVSHFWWRWKHQXPEHURIVXEGLYLVLRQVDORQJWKHPLGSODQHJLYHQDVWKHVHFRQGGLPHQVLRQ
7KH DQDO\VLV DOVR LQFOXGHG WKH HVWLPDWLRQ RI WKH EXFNOLQJ ORDG DW WKH HQG RI WKH LQFUHPHQWDO DQDO\VLV 7KLV
EXFNOLQJ LV LQGLFDWHGZLWK D QHJDWLYHPXOWLSOLHU ZKLFK LQGLFDWHV WKDW WKH VKHOO LV PRUH VXVFHSWLEOH WR D QHJDWLYH
ZHLJKWJHQHUDWHGSHUKDSVE\ZLQG IRUFHV UDWKHU WKDQE\ LWVZHLJKW >@:HFRQFOXGHGRXU VWXG\RI WKLV FDVHE\
UHGXFLQJXVLQJD;PHVKWRVKRZWKDWWKHVDPHUHVXOWVDVWKH;PHVKFRXOGEHREWDLQHGZLWKD;PHVK
VLQFHLQJHQHUDORQHFRXOGQRWWHOO WKHSUHIHUHQFHRIRQHGLPHQVLRQYHUVXVWKHRWKHU)LQDOO\ZHUHGXFHGWKHVKHOO
WKLFNQHVVWRLQUHVXOWLQJLQDUDGLXVWRVKHOO WKLFNQHVVUDWLRRIZKLFKPD\EHFRQVLGHUHGDVDYHU\WKLQ
VKHOO7KLVLVW\SLFDORIWKHVKHOOXVHGLQRXUVWXG\RIWKHPLFURODWWLFHV
7DEOH(IIHFWRIPHVKVL]HRQUHVXOWVVHFRQGGLPHQVLRQLVDORQJWKHPLGSODQH
6KHOO6XEGLYLVLRQ ; ; ;
9HUWLFDO'LVS,QPLGSODQHLQ   
%XFNOLQJPXOWLSOLHU   

1RZWKHPD[LPXPYHUWLFDOGLVSODFHPHQWLVLQV$QGWKHEXFNOLQJPXOWLSOLHUEHFRPHVUHVSHFWLYHO\$
PXFKZHDNHUVKHOOLQUHVLVWLQJEXFNOLQJ
&DVH6WXG\$QDO\VLVRID3LSH(OERZZLWKD/RQJLWXGLQDO&UDFNXVLQJ6ROLG(OHPHQWV
,QRXUVHFRQGFDVHVWXG\ZHLQWURGXFHE\ZD\RIWZRFRPSDQLRQSDSHUV>@WZRQHZPHWKRGVRIHVWLPDWLQJ
ILQLWHHOHPHQWVROXWLRQVLQRUGHUWRGHPRQVWUDWHWKDWWKH+H[DHOHPHQWLVWKH³EHVW´FKRLFHDPRQJDOODYDLODEOH
HOHPHQWW\SHV
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$V LQWURGXFHG HDUOLHU LQ WKLV SDSHU DQG H[SODLQHG LQ IXOO LQ D FRPSDQLRQ SDSHU >@ WKH ILUVW QHZPHWKRG LV D
QRQOLQHDU OHDVWVTXDUH1//64ILWRIDVHULHVRIILQLWHHOHPHQWVROXWLRQVRI LQFUHDVLQJPHVKGHQVLWLHVXVLQJD
SDUDPHWHUORJLVWLFGLVWULEXWLRQDVWKHILWWLQJIXQFWLRQVXFKWKDWLWVXSSHUERXQGSDUDPHWHUVHUYHVDVWKHHVWLPDWHRI
WKHILQLWHHOHPHQWVROXWLRQDWLQILQLWHGHJUHHVRIIUHHGRP
7KHVHFRQGPHWKRGDOVRLQWURGXFHGHDUOLHULQWKLVSDSHUDQGH[SODLQHGLQIXOOLQDVHFRQGFRPSDQLRQSDSHU>@LV
DVXSHUSDUDPHWULFILQLWHHOHPHQWVLPXODWLRQPHWKRGZKHUHQRWRQO\WKHJHRPHWULFORDGLQJFRQVWUDLQWDQGPDWHULDO
SURSHUW\FRQVWDQWV DUHSDUDPHWUL]HGEXW DOVR WKHPHVKGHQVLW\ WKHHOHPHQW W\SH DQG WKH)(0VROXWLRQSODWIRUP
HJ$%$486$16<6/6'<1$HWDO7KLVQHZPHWKRGLVYHU\SRZHUIXOLQWKHVHQVHWKDWLWDOORZVDXVHUWR
FRPSDUHDQGHVWLPDWHWKHXQFHUWDLQW\RIDKXJHFROOHFWLRQRIILQLWHHOHPHQWVROXWLRQVIRUDVSHFLILFSUREOHP
7R LOOXVWUDWHERWKPHWKRGVZHFRQVLGHU WKHHODVWLFGHIRUPDWLRQRIDGHJUHHSLSHHOERZZLWKD ORQJLWXGLQDO
VXUIDFHFUDFNLQRQHRIWKHWZRZHOGPHQWVFRQQHFWLQJWKHHOERZZLWKWZRVWUDLJKWSLSHVVHH)LJVDQG


)LJ)LQLWH(OHPHQW6ROXWLRQXVLQJ+H[DHOHPHQWVIRUWKH(ODVWLFGHIRUPDWLRQRIDSLSHHOERZZLWKDORQJLWXGLQDOVXUIDFHFUDFN
LQRQHRILWVWZRZHOGPHQWV>@
,Q)LJZHVKRZWKHUHVXOWVRIVROYLQJWKHSLSHHOERZZHOGPHQWZLWKFUDFNSUREOHPXVLQJ$%$486+H[D
HOHPHQWVIRUPHVKGHQVLWLHVDQGILWWLQJWKHVROXWLRQVXVLQJWKH/RJLVWLF1//64ILWPHWKRGLQIRXUVWHSV$VWKH
QXPEHURISRLQWV LQFUHDVHV LQDSORWRI WKHFUDFNWLSVWUHVV6[[ YV/RJ GHJUHHVRI IUHHGRP WKHXSSHUERXQG
SDUDPHWHURIHDFKILWLQFUHDVHVXQWLOLWFRQYHUJHVWRDVWDEOHYDOXH03D)RUDFRPSOHWHH[SODQDWLRQRI
WKLVUHVXOWVHHRXUILUVWFRPSDQLRQSDSHU>@,Q)LJZHVKRZWKDWE\XVLQJDVXSHUSDUDPHWULFPHWKRGVHHRXU
VHFRQGFRPSDQLRQSDSHU>@ZHFDQVROYHWKHHODVWLFGHIRUPDWLRQRIWKHSLSHHOERZZHOGPHQWZLWKFUDFNSUREOHP
IRUPRUH WKDQ RQH HOHPHQW W\SH DQG VROXWLRQ SODWIRUP VXFK WKDW WKH VXSHULRULW\ RI WKH +H[D HOHPHQW W\SH LV
FOHDUO\GHPRQVWUDWHG
&DVH6WXG\$QDO\VLVRIWKH(ODVWLF%HQGLQJRID&DQWLOHYHU%HDPXVLQJ6ROLG(OHPHQWV
7RYDOLGDWHWKLVWZRPHWKRGDSSURDFKLHD/RJLVWLF1RQOLQHDU/HDVW6TXDUH)LW([WUDSRODWLRQPHWKRG>@DQGD
6XSHU3DUDPHWULF)(0&RGLQJWHFKQLTXH>@ZHDSSO\WKRVHWZRPHWKRGVWRDVLPSOHSUREOHPZLWKDNQRZQH[DFW
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VROXWLRQQDPHO\WKHHODVWLFEHQGLQJRIDQLVRWURSLFFDQWLOHYHUEHDPZLWKDQHQGORDG7KHSUREOHPLVVWDWHGLQ)LJ
DQG WKHVROXWLRQ LVJLYHQ LQ)LJ .QRZLQJ WKDW WKHH[DFWVROXWLRQIRU WKHPD[LPXPVWUHVVDW WKHVXSSRUW LV
03DZHFKRRVHWRFRPSDUHWKH)(0VROXWLRQVRIWKHVDPHSUREOHPXVLQJGLIIHUHQWHOHPHQWW\SHVDQGVROXWLRQ
SODWIRUPV ILUVW DW DW  GHJUHHV RI IUHHGRP DQG WKHQ DW DQ LQILQLWH GHJUHHV RI IUHHGRP  ,W LV LQWHUHVWLQJ WR
REVHUYHLQ)LJWKDWDWGHJRIIUHHGRPWKHVROXWLRQVRIWKH+H[D+H[DDQG7HWUDDUHTXLWHIDU
DSDUWLHDQG03DUHVSHFWLYHO\ZKHUHDVDWLQILQLWHGHJRIIUHHGRPWKH\DUHUHDVRQDEO\FORVHWR
WKHH[DFWVROXWLRQLHDQGUHVSHFWLYHO\


)LJ$FORVHXSRIWKH+H[DILQLWHHOHPHQWVROXWRQRIWKHHOERZFUDFNSUREOHP>@

)LJ$%$486(OERZ6ROXWLRQVZLWK+H[D(OHPHQWVIURP&RDUVHWR)LQH0HVKHV>@
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
)LJ)(0(OERZ6ROXWLRQVZLWK+H[D+H[DDQG+H[D(OHPHQWV>@


)LJ)(06ROXWLRQRI(ODVWLF%HQGLQJRIDQ,VRWURSLF&DQWLOHYHU%HDPZLWK(QG/RDG>@
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
)LJ+H[D+H[DDQG7HWUD)(06ROXWLRQVRI(ODVWLF%HQGLQJRIDQ,VRWURSLF&DQWLOHYHU%HDPXQGHU(QG/RDG>@
6LJQLILFDQFHDQG/LPLWDWLRQVRID+H[D(OHPHQWEDVHG)LQLWH(OHPHQW$QDO\VLV
7KHGHPRQVWUDWLRQRIWKHVXSHULRULW\RIWKH+H[DHOHPHQWLQWKHDERYHWKUHHFDVHVWXGLHVLVVLJQLILFDQWLQDW
OHDVW WKUHH VSHFLILF DUHDVZKHUH WKH DFFXUDF\ DQGXQFHUWDLQW\ HVWLPDWHRI D ILQLWH HOHPHQW VLPXODWLRQ LVRI FULWLFDO
LPSRUWDQFH7KHWKUHHDUHDVRILQWHUHVWDUH
$UHD3XEOLF6DIHW\
$QRYHUHVWLPDWHRIWKHVHUYLFHOLIHRIDFRPSRQHQWEDVHGRQDQLQDFFXUDWHO\ORZVWUHVVHVWLPDWH
ZLOOOHDGWRSUHPDWXUHIDLOXUHDQGHQGDQJHUSXEOLFVDIHW\
$UHD+LJK&RVWRI0DLQWHQDQFH
$QRYHUHVWLPDWHRIWKHFULWLFDOVWUHVVZLOOOHDGWRDQRYHUFRQVHUYDWLYHPDLQWHQDQFHVFKHGXOH
WKDWZLOOEHXQQHFHVVDULO\FRVWO\
$UHD3RRU'HVLJQ
$QLQDFFXUDWHHVWLPDWHRIVWUHVVHVRUGLVSODFHPHQWVLQHYLWDEO\OHDGWRSRRUGHVLJQ
7KHSURSRVHGWZRPHWKRGDSSURDFKFOHDUO\KDVLWVOLPLWDWLRQVQDPHO\LWLVDQH[WUDSRODWLRQPHWKRG
%DVHGRQHPSLULFDOQXPHULFDOVROXWLRQHYLGHQFHDQGQHHGVDGGLWLRQDOULJRURXVPDWKHPDWLFDOSURRIV
7KHGHPRQVWUDWLRQVRIDUXVHVRQO\HODVWLFDQDO\VLVDQGQHHGVWREHH[WHQGHGWRQRQOLQHDUSUREOHPV
&RQFOXGLQJ5HPDUNV
:HVKRZLQ WKLVDQG WZRFRPSDQLRQSDSHUV>@ WKDWZKHQ WKHDFFXUDF\DQGXQFHUWDLQW\HVWLPDWHRID ILQLWH
HOHPHQWVLPXODWLRQDUHFULWLFDO WKH+H[DHOHPHQWZLWK LWV IXOOTXDGUDWLF UHSUHVHQWDWLRQ LV IDUVXSHULRU WKDQDQ\
RWKHU FRPPRQO\ DYDLODEOH HOHPHQW W\SHV  %\ LQWURGXFLQJ D ORJLVWLF QRQOLQHDU OHDVW VTXDUH ILW PHWKRG >@ DQG D
VXSHUSDUDPHWULF)(0FRGLQJVFKHPH>@ZHKDYHGHYHORSHGDQHZDSSURDFKWRILQLWHHOHPHQWDQDO\VLVKDYLQJD
SRWHQWLDOWROHDGWRDSURWRFROIRUDQDFFXUDWHYHULILFDWLRQRIDQ\VSHFLILFILQLWHHOHPHQWVLPXODWLRQ
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